Introduction
Traditional clinical assessments of patients with non-specific chronic low back pain (CLBP) are most commonly based on tests of physical disability (e.g., range of motion and strength) [1] [2] [3] [4] and tests of physical capacity that rely on a functional capacity evaluation (FCE). These tests of physical capacity are entrenched in current practice, but reliability and validity are generally weak [1, [5] [6] [7] . For instance, isokinetic devices are commonly used to quantify trunk strength and motion. However, reliability of patient performance on the equipment is low and these isokinetic test batteries require extensive equipment [1] . Furthermore, the constrained manner of testing is functionally unrealistic, implying that correlations between the test results and function (i.e. validity) may be questionable [1, 8] . The Isernhagen FCE has its limitations also in clinical evaluation because of ceiling-and criterion effects in some of the tests [9] . In these tests, many patients are not limited in the performance and meet the maximal test criterion [9] . Thus improvements in performance as a result of an intervention program can not be determined with these tests of the Isernhagen FCE due to these criterion effects. Perceived disability is frequently inferred from physical performance measures but the outcomes may have little relation to actual functioning [1, 10] . Changes in range of motion, muscle strength and physical fitness after a physical exercise program in a rehabilitation centre are not related to changes in the perceived disability measured with the Roland Morris Disability Questionnaire (RMDQ) [1, 11] . Patient's perceptions of the level of disability as measured by for example the RMDQ may be subject to a perceptual or belief mismatch [12, 13] . There may be differences between how patients actually function and how they perceive their functioning, and there may be differences in what patients report and in what practitioners observe and conclude, especially when patients are receiving injury compensation [1, 14] . This mismatch may negatively influence the willingness and sense of safety while accomplishing specific physical tasks which cause loading of the lower back [1, 15] . Therefore psychophysical capacity approach and outcome calculated as the acceptable maximal effort (AME) of the patient divided by perceived effort of the performance, may help to address the sense of safety of the patient [16, 17] . The sense of safety exists because the patient determines which termination is acceptable. The perceived effort is weighted in the result of the psychophysical capacity. It was found that the most important variable for successfully treating of CLBP is the reduction of patients' perceived disability, and that an appropriate perception of physical improvement contributes to the reduction in perceived disability [18] . Following a cognitive somatic rehabilitation approach for non-specific CLBP patients the change of 54 Chapter 4 the psychophysical trunk lift capacity was significantly related to the change of the RMDQ (r = 0.74) [16] . Until now no information is available concerning the test-retest reliability of psychophysical capacity tests [16] . The purpose of this study was to assess the test-retest reliability of the psychophysical capacity test.
Material and Methods

Participants
The test-retest reliability and the natural variation of psychophysical tests were evaluated in 20 outpatients (12 women) with non-specific CLBP and in 20 healthy, pain-free controls (10 women). The patients were recruited from the Centre for Rehabilitation of the University Medical Centre Groningen. The mean age of the CLBP group was 33.8 years (SD=8.6), mean height was 1.76 m (SD=0.1) and mean weight was 73.9 kg (SD =15.1). The healthy subjects comprised students from the Institute for Human Movement Sciences of the University of Groningen. The mean age of the healthy subjects was 22.0 years (SD=1.6), mean height was 1.79 m (SD=0.1) and mean weight was 72.5 kg (SD=8.5).
Procedure
Admittance assessment was performed by a rehabilitation physician at the University Medical Centre Groningen before patients entered into the study. Inclusion criteria for the waiting list of the cognitive somatic back school rehabilitation treatment program are: (1) Non-specific CLBP, lasting for more than three months and without demonstrable specific origin: (2) the patient is satisfied with the diagnostic process and outcome, and is motivated for the rehabilitation treatment [16] . Exclusion criteria were: (1) small amount of suffering due to low back pain; (2) conflicts with employer or insurance company; (3) the patient is dissatisfied with the diagnostic process or outcome of it or is not motivated for the treatment program (secondary illness profits) [16] . Exclusion criteria for patients and controls were any medical condition that would interfere with psychophysical performance tests, major surgery within the last year, current infectious disease, cancer and neuralgic or cardiovascular disease. Additionally, subjects in the healthy group were excluded if they had a history of LBP within the previous 6 months that had lasted more than one week, required medical attention, or resulted in absence from work or school. All participants signed an informed consent form. The first author was the physical therapist who assessed the psychophysical capacity of the patients and the healthy subjects [16] . Patients of the waiting list and healthy subjects were assessed twice; the second test was done after a 2-week interval. Time of day, day of week and place of assessment 55 Test-retest reliability of psychophysical lift capacity, in patients with non-specific chronic low back pain and healthy subjects were held constant for the test-sessions. Patients on the waiting list were assessed twice before starting the cognitive somatic back school rehabilitation program.
Measurements
Aerobic capacity was estimated by means of an LBM-based Åstrand submaximal test on a cycle ergometer (Excalibur Sport, Lode BV, Groningen, The Netherlands) before the psychophysical capacity tests were performed [16] . The method for measuring lifting abilities is based upon a psychophysical model referred to as AME [17] .
Psychophysical static lift capacity test
The psychophysical static lift capacity test was performed by pulling up a horizontal bar connected to a height-adjustable pillar (Fig 1) [19] . The position of the subject during the arm lift was; standing straight up with the elbow bent at 90 degrees and close to the body. The equipment handles were at elbow height. During the arm lift and trunk lift the horizontal distance was 375 mm. The horizontal distance for the leg lift was 0 mm. The vertical distance during the leg lift and trunk lift was 500 mm.
In case of the psychophysical lifting capacity test the patient is in control and determines which load is acceptable. The psychophysical test performance was stopped when the patient believes the AME was reached. The patient was instructed to stop the performance when the AME was reached [17] . To measure patients perceived exertion the Borg score (range 0.5 -10) was assessed directly after reaching the AME of the static lift capacity tests [20, 21, 22] . After the test, the subject pointed the perceived effort on a table were the explanation of the number was described. The Borg score is modified by changing the 0 score in 0.5 which corresponds to not at all, 1=very light, 2= light, 3=moderate, 4=slightly heavy, 5=heavy, 6= less than 7, 7= very heavy, 8 = less than 9, 9 = less than 10, 10 = very terrible heavy (almost maximum). The psychophysical static lift capacity was calculated as the ratio of physical capacity and the Borg score, expressed in Newton/Borg (N/B) [16] . 56 Chapter 4
Psychophysical dynamic lifting capacity test
To measure the psychophysical dynamic lifting capacity, the standardized Progressive Isoinertial Lifting Evaluation protocol (PILE), described by Mayer et al. was used [23, 24] . For a period of 20 seconds the patient had to lift a box with weights, 4 times from the ground on to a table. Stepwise, after each session, during the 20 second rest, the weight of the box increased with 2.25 kg for women and 4.5 kg for men respectively. Heart rate was measured with a heart rate equipment (Sport tester PE-3000; Polar Electro, Kempele, Finland) [16] . The observer stopped the test when the patient had reached the heart rate safety limit (220 -age x 85%) [16, 25] . The patient was instructed to stop the test when the AME was reached [17] . Perceived exertion was assessed directly after reaching the AME, the cardiac safety limit (formula 220 -age x 85%) or the ceiling of the test of 402 N [26] . The psychophysical dynamic lifting capacity was calculated as the ratio of the physical capacity and Borg score, expressed in Newton/Borg (N/B) [16] .
Data analysis
Descriptive statistics were calculated for the scores of the 2 testsessions. Test-retest reliability was determined by means of a paired t-test and intra class correlation coefficient (ICC, one way random model). To quantify variation over time, limits of agreement were calculated as ± 2 times x SD difference [27, 28] . In case of significant differences between the first and second test the limits of agreement were not calculated, because the test-retest reliability is unacceptable [28] . An ICC ≥ 0.75 was considered as an acceptable reliability [30, 31] . 
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No criteria for interpretation of the limits of agreement are available. However, smaller limits of agreement indicate more stability over time because it indicates that the natural variation is small [9] . Plots were made of the individual difference between sessions against the individual average of the two sessions, as recommended to analyse if the size of the difference is related to the mean performance [28] .
Comparisons between groups were calculated by using the mean of the 2 test occasions for each group and thereafter a between group t-test analysis. Data analyses were performed using the Statistical Package of Social Sciences (SPSS 12.0).
Results
Outcomes of psychophysical lift capacity tests did not differ significantly between the 2 sessions (table I) . In patients, AME of physical strength only, in Newton's, was significantly lower in the second session than the first session. The standard deviations of all measurements are considerable. No funnel shape was present in the plots (Fig. 2 Test-retest reliability of psychophysical lift capacity, in patients with non-specific chronic low back pain and healthy subjects [33] . To determine the magnitude of disagreement on an individual level, the limits of agreement were calculated [29, 30] . In other words, in an individual patient with non-specific CLBP the changes due to treatment should exceed limits of agreement before deciding that true changes have occurred. Despite the acceptable reliability (ICC) the limits of agreement were substantial of the psychophysical lift capacity tests in patients and healthy subjects. This means that the "noise" was relatively large. The limits of agreement of the psychophysical leg lift were large (± 106 N/B) in patients. This means that true change can only be detected when an individual changes at least 93% in comparing to 113.6 N/B (table II) . When the change is less than 93% after a treatment program, it may be due on natural variation. The limits of agreement of the psychophysical trunk lift capacity were ± 40.0 N/B in patients. This means that true change can only be detected when an individual changes at least 59% in comparing to 68.3 N/B (table II) . When the psychophysical static trunk lift capacity in patients increases 59% they will almost reach the value of the healthy subjects. In a previous study we have shown that CLBP patients increased 87% in the psychophysical static trunk lift and 98% in the psychophysical static leg lift capacity test after a cognitive somatic rehabilitation approach [16] . For the psychophysical dynamic lifting capacity test this individual change has to be 42% in patients, which is also substantial. For the psychophysical dynamic lifting capacity test the difference between patients and healthy subjects was relatively larger. When the patients increase 42% the patients will not have reached the value of the healthy subjects. This may be because the psychophysical endurance of abdominal and back muscles is also important within the psychophysical dynamic lifting capacity test compared to the psychophysical static lift capacity test. This is supported by the result of the PILE that 17 of the healthy subjects and none of the patients ended the test due to the ceiling effect and in according of the results found in the study of Brox et al. [34] . Large limits are the result of a substantial within subject variation. This variation can be attributed to the testing procedure, or to other factors such as the patient or healthy subjects, differences in test behaviour like fear of pain, motivation or within subject random errors. However, perceived exertion or an appropriate perception of physical activities is important in the reduction of the perceived disability [18] . Table I shows that the Borg score is systematically higher in patients in both measurements compared with the healthy subjects except for static arm lift capacity tests. No significant difference between patients and healthy subjects was found for the first psychophysical static arm lift capacity (P=0.227) which might be expected because patients did not experience arm pain and the lower back was held straight during lifting. The psychophysical dynamic lifting (P=0.000) and static trunk lift (P=0.002) and static leg lift capacity (P=0.007) were significant lower in non-specific CLBP patients compared to healthy subjects which might be expected.
In conclusion, the present study shows that the psychophysical static lift capacity and psychophysical dynamic lifting capacity are reliable instruments for patients with non-specific CLBP and healthy subjects. However, a substantial amount of natural variation should be taken into account between two test sessions when interpreting the test results clinically.
